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I. INTRODUCTION 


As seftware development projects 


more complex, crganizations have daveloped 


Pijees tO accomplish them in an effective, 


Petheny Menner. This aspect of the organiz 
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PMemeaa zen On Of acCtivicias will be «he making the critical 
@eeesicrs of the a combination of specialized labor to 
employ, and che optimal quantity of individual specialized 
Hapet tO apply to the software develispmant process. 

The second element will be tha size cf <*he work group. 
Bmememealysis of the impact of work group size on productivity 
will be made. imemadiate@nrs which influence work group 
Mueewe ivVi~y will be expiored, and 3pproaches £9 mitigating 


he negativ 
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A. REASONS FOR SPECIALIZATION 


One of the most important elements o 
comes PEC Tag 1 Zatson Sa Mieceetvape ec. Pass 
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Seetete ization in the organizational 
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sense includes the 
Meeteming dcwn of the project into smaller, Sepeea. 2224 
tasks. Bae Devers =s Of Jivesi:cr of work have been repeat- 
Beemeeec@emons-rated throughout the history of civilization. 
ibae cCrcéer of magnitude orev msl os LF Bie 4te = 72 ny 
Meemece rg £5om division 92 work have had profound imvact on 
Seemworid's irdustrial development. DiveSLON 7Of a we=ar 2s 


[emer > Person 2S physicaliv able fo perform ail of the 
MeeesomeeoeS 282 IOSE Compl2x tasks, MOr can any One Derson 
a@eguice aii che skiiis needed =o eeritorm the various 
SeaskS cnat nexe up a compisKx cperation. THUS, 12 CSQeE 
Meee =y Clit taSKS Fequiring a nunber of steps, it is 
necessary = Pee Gis ethe (Vas. 0US Damas of Bae tesk 
ameng a number of pecpis. SuGqeso-Co al Zed Givislos CE 
Meee G2 iLCwS Decpie =O 122tn skilis and becomes expert at 
Meee rh dlvidwal JOb functions. Simpiirtied tasks can be 
tearned ina relativeiy short veriod cf time and be 
Bemplected quickly. [Rer. 1: p. 254] 


ma complex task such as a software development provect 
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Mmeewou'a 5e impractical t5 assign che person tc acccmplish 
tne task by himseif. Lieorde Ge TO, snes ve = (“high quelilci 
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Mme@prac ical for a multitude of reasons, not the isast of 
which is the development time that would be reguired. With 


mevertropmen= “ames for prejects running into the hundreds or 
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Tnousands Of man-years, only tne smallest of vorojects would 
be possible. Therefors, ievoseOn OL VOrK® if a complex 
development project is absolutely assantial to the success 


Seecire project. 


Be SPECIALIZATICN IN SOFTWARE PROJECTS 


The software evelopnant project is often broken down 
into a séquence or tasks, phases, or activities such as 
SPequirements analysis, system aesiqn, system coding, systen 
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Mee che task itseif is di 
subtasks, so to mus* the sverall work requirement be dai 
among many inGividuals. RS disScuss=a above, this division 


feeaboOr is necessary to ovroduce a quality prod 
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GmeeerauelS =O soveczaliz=: and becons expert at certain 

skilis Seise oto ete so25, Ss2Czamme-s, Technical 2anaeiystzs 
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distinctions between S, dueves-« and 

BsDOnS bilities of its t2am members. The specializazion 
mathin me Ghier programmer team includes a chice 
Pesgrammer, assistant programmer, Heat S=hators “cx tor, 
Secretaries, clerk, tooismith, testar, and language lawyer. 
ft 22 omwe hoor 


[es type of tcam, the indivaduals withi 
duties will be discussed later in the vaper. 
C. MANAGEMENT DECISIONS 


mies R=Wse) Of this Chapter will be ‘towards develcping 
generic conceptual frameworks for tha management decisions 


emceiIning “he combination and quantity of the specialized 
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Mees Sskzlls to employ. The foliowing management decision 


questions wiil be addresse2i: 


1) What is the optimal mix of the different types of labor 


+o employ in the software development process? 


Or eWhat is the optimal quantity of a particular type of 


labor to employ? 
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Figure 2.1 Software Development Model. 
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Dew beler2onsnap between the inputs 


process andthe ma 
represents the rfrod 
other words, given 
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2s ailowed +o increase, that input will, 2* somes point, show 

MeeeeasingG marginal preductivity and will eventually display 

fee ag VS Narginai crodustivicy. gee gle> i262 Seb Yse -stes 
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iEewe allow tw tS TO VEIY, we c32n 


u 
develop an isoquant re f the possibls effi- 


ipa 
cient combinations of thes uts which will produce 


tha Same quantity of output. HOGeen] DUETOS=s22 Chis argu- 
ment the two inputs used wili be systems analyst labor and 
programmer labor. Pagines cacelcltUSs=ates an 2tsoquan= which 
represents *he possible conbinations of programmer labor and 
Sys~ems analvst labor capable of orosducing a given quantity 
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of software (Qs). 
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Figure 2.3 A Softwares Development Isoquant. 


Points A and B on the isoquan* Tepresent wo 
different combinaticns of programmer anc systems 

labor capabie of preducing the Same amount of software; as 
fen, they zepresent two different technelegical processes 


Peewee ne Gaven tecchpoliogy) used -n che production of the 
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Bemewate. The Slope of the curve, therafor¢e, trepresen=s the 
Memaginmeal rate ci technological substitution (MRTS) of 
programmer labor for systems analyst labor. heowecan also. b= 
Brown that the marginal rate of technical substitution is 


Beapemeeco the ratio of the marginal products of the inputs 
mete. SO: pe. 158}. In symbols: 


Mato = =UPoyiesa ( Sh, 
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ho 


Mep = marginal product of prcegqranmer labor 
odu 


MPSa = marginal pr Se, OF sySe=-ms analys= Labor 
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ME eG kde] the 2oeai csoS] cf ne £ix4a inputs temains 
Me@ecan. end is iesS than the totai amount available, =hen 
there exists an amount whith is available +o partition among 
the variable inputs: programmer ani systems analyst labor. 


i symbo:s; 


MW = Fp*Op + Psa*Qsa (edie w2) 


where: 
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systems analyst labor 


Pp =e eheucrice of 


ree) 


iil term DEOgG=amner laber 
Psa = the price of a unit of systemS analyst labor 
QP 


Qsa = the quantity of systems 2analys*= labor used. 


the quantity of progqramm2r labor used 
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If we grapn 2yuation 2.2 we can reap 
various possiblé ccmbinations of programmer an 
u 


analyst Zabor that can o2 aquired for the amo 


Straight line as in Figure 2.4 . Pius lene ss Calied ths 
isocost curve for these input combinations. The slope of 


the isocost curve is negative and can be shown to be equal 


EE! EE ES ED ES A lll OE aa me ei ee a ee 


mee A tee ay OD mon — EE ee nD oe OO ee oe OE ee en | 


M/Pp 
amount of programmer lapoor 


Figure 2.4 Isocost Curve. 
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Zi a fami2ty of the previsusly developed isoq 


fs 
ey 
re | 
ct 


meeves 2S Superimposed ttpon the isocast curve of Figure 2.4%, 
mewn Figure 2.5, it is possible to graphically detern 
the optimum mix of programmer and systems analyst Labor to 


employ in the software development process. 
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Seen tha= output will be maximized for a given ccest (M 


me point where the zsocost curve is tangent to 
meoquant curve. Dai Stns as DpOtrt B, e@rd O2 =s5 
a fecemuim ee glentity © SOttwate shat can be produced for 


d 
the Meier dollar amount available for programmer and systems 
analyst labor. Meera bey, =t SGoul Gd 
th2 minimum amount that would have «9 b 
and systems analyst labor, other fasters heid c 
Ses=> to produce a desired quantity Q D 
represent suboptimum utilization 
same dollar amount is b 


i 38 
amount cf outpu= (91) Pio eae pess. ole Of producing. 


17 





ets cme le yo er adurS 2.5 shews that, if other factors of 


PemaWweatOn ere held constant, it 183 not possible to produces 
more then Q2 (for examples 93) ieee sigs Of 6 Cdcilars 
available for proqramm2r and system analyst iLenovonae 
Therefore, from Figure 2.5 it is demonstrate 


optimum mix of systems analyst and programmer labor 

represented by the quantities Qsa and Qp respectively. 
(jeans Stal mMOre 2hr>rmat2on 2veztable from 

Meee 225 . AS ShOwn 2bove, =the slope Of the isocost curv2 


Mmemmicie cO aS Tactio OF “RS PELCSS JF The inputs (-2/dD/ rss}, 
h 


Meemee iS] S1Op> Of =he isdguant curve is Scttal t9 the maroainal 
mememe OL ~ecnanciogical subStitution cr <he fatio of the 
macgin PeOaNece oO L eth] 2 npues (“teo/MPsa). The optimum 
[eeeenas been Sshcwn to bé the point oF tancency setweer the 

Sco Gurve anc fhe 1saqyuant curve. Tie wes ue, at whe 
Mee Se Fe2h io Cf the prices cf ths inputs wili be equal 
MMe cet l1O Of Theixc Marginal products. The optimai combi- 
Meeemen Cl ploOgragmer and Systems analyst labor, therefore, 
ms where: 

Po/fPsa = M2Pp/MOsa (<anZ ss) 


Or alternately where 


This second equation rev 
1X €Xists where the marginal produ 
worth of systems analyst itabor is 329] 


of programmer labor. 
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or alternately, Since it can be shown that the marginal 
input requirement is equal tc0 the inverse of the marginal 
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MC 


The matginal 


Pp*1/MPp 


revenue (MR) 


received by selling the 


incremental amount of software produced can also be calcu- 
lated. If the market price of the software produced is Rs, 
then the marginal revenue is equal to this market — 
mMuUiztiplied by the increas2 in sortware produced as a resul 
Mime. Cremental ineteas= in oroqranmet laber. This secon 
POs ne Matginal oroduct or programmer iLlaccr in <he 
productior of software. The marginal revenue eaguation is: 
Hae = Kn S*IPD (40n, 2o%) 
pecause the fiow sf funds for costs and revenues 
MEMEe 2. 222s=S ent peridis in Sime, it if necsss2ry7 <=2 
Meeecur. “nem tO present values betors comoarting zhen: 
Presens Value of MC = PpeMIRD*S, (oe = 3) 
=e 
Present Value of MR = RS¥*MPp*¥e (eqn 2a2)} 
The difference between the present value of the 
Margdinai revenue and the present values of the marginal cost 
Memecune fet presenz value of 2 marginal increase in tha 
amount of programmer labor used. if this net present value 
2S positive, that is if the present value of marginal 
revenue is greater than the present value of marginai cost, 
ther it is profitable to increase tha amount cf programmer 
labor used. Tf the net present value is negative, then it 
MempEosi-~abile £¢ decreas= the amount of programmer labor 
used. 
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Re the op~imun, ati ofher PaGa.ors Tema inin 
constant, programmer labor (or any other inpuz) should b2 
acquired to the point where the present vaiue of marginal 
revenue equals the present value of marqinal cost. In 


symbcls <his is where: 


-oT eG 
Pp *MIRp*e = RS*MPp*e (eqn 2.10) 


J ~ tS om ~ oY ~ —_ = ‘ 
pee = 6 eee ee Mea eens ©} Saks typos «Of Concl=ptuaAlL 
= — — ne a ~~ p ‘et =| S 2S dey as ‘ BS S ~ ? -_- oar ca = ™ <= a 
Mimemwonk <S fe disricul=y of 22vV2ioping an accurate 
zal ¥ : cs Mi = om 5 = : _ 5 * = _— = a= = 
Peeee tT (ON “funci=:0n for the sotftitwvare development erccess 
x LBs g 


especially in view of the paucity of go 
£ 


subject. A maéjcer benefit 


oO 


O 
2S ay De Oo 
ees -S COMDaTiDility with iinsar pro 


shown by Ein-Dor and Jones [Ref. 6]. 
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Ae INTRODUCTION 


The complex nature of software iavelopment projects has 


aI 
essitated the decomposlticn of the overall task into 2 


nec 
Metetude or lesser tasks and ths assignment sf groups ofr 
pesplie =o accomplish those tasks. PP SeyOULG thin< “nat the 


Meyeger che group of people assigned *0 a task, ths shorter 
3 C 


emeeae De¢ the completion tine fticr the task. DeSie2O2S 5. 27 
Geee= tO mee= vDrcject dsadlinss, 2ttempts have been made to 
speea the COMUNG= AON SE CoOlNp.ex software development 
Beemec ts OV Simply adding moze manpower to the project. The 
Meeeacy Of this belief has been widsly noted, most promi- 
Metmely ir Brocks' widely read book The Mythical Man Menth in 
Meme SS COKS 2deniitied some of the Factors which restrained 
Mametes=G Go.0UD SizZ2 =i=>om resulciny in decre2se¢4 project 
Meee 2G) cline: and in which as descrined now *adaing 


(1) 
ay) 
fo 
pi 
qd 
(D 
W) 


man power Ore 
/Mmeetie ss po. 25] The impact ci this phenomencn o 
Meee production fu ly 
chapter. This chapter will anaiyze how and why the size of 
MeemwOSK G=ocup ccntributes to this eae and how the 


Megecive 2nrluence on productivity may be nitigated. 


Be. PRODUCTIVITY IN GROUPS 


Q 
a 
= 
iD 


Frem studies as well as from our cwn work experien 
Know that members of & group working ona task do not spen 
PememOrE Cheir times doing constructive work. Some percentage 
of the time is spent on coffes breaks, meetings, illness 

Pn Vaeceucns, CONMIMacCating, socializing, ¢tc. For a 


10 member group "the non-productive time expected for ¢ach 


Ze 





Mempes 2S 25 percent tor vacation and the like; IO -pereen: 
D D 


for idie tine and a base of 10 sercent for time spent 
cs cating: qm, oOr YS percent. WS may therefore 


estimate that 55 percent of each employees time can be 


considered productive ina group of up *o 10 employees." 


[Ref. 4: p. Bee Sted dstanes produce avity in a software 
development project as "developing a system with the 
memmowirg Characteristics: - Maintainability (documented, 
feetiewar, exc.) - Eifectiveness (meets actual user needs) - 
Meeectercy (uses manimal r2sources)." [Ref. 4: bd. 8] 
MetemecOc ct Of Cr 2CNh=produccive tine shat is most variabie 
m 


WeeeneegeOuc size is the communication #2 


gy 


= 


Seeene Group ih 


z 
plisnment of the t 


ask; mie TuUMNb== Or UNTSraczions tises 
Memeo ticaliy with the number of peopls involved. Lick ese 
Mee-mepumbe: Of people Im the geoup, the number of Lnaterac- 
Mees (N) would ce given by the formula: 

= a (8) FZ (2Cre- 35 4) 


feoe= EOLTNULA Shows that the nmunber of nteractions in 
edie g=0up increas aie xpPOnen etal sasnion with an inereas> 
miaagroup size. MieIceGOMNn=: Gams Ons 2=ffort has prover <o be 


e 


| 5 


Mmtere-Monirg factor of productivity ¢ Bee CLOUD. sie xc 


a= £Ol Consus =n 


t--* 


4 eS 
[Ref. 4} has developed the foliowing formu 


the the percentage of productivity time: 


Pt = K*(T* .55 - .0001* (K*® K-1 /2) ) (eqn 3.2) 


where: 
Pt = productivity time 
a = individual emvloyse hours ver work period 
K = the number of people in th2 group. 


as 





aa 
U) 
if 
= 
(D 
t{ 
(p 
th 
O 
i 
iD 
ae 


mies productivity percentage in the work group 


Pp etme 9 - .OO1e Ke (K-11) 7/2 ) (2 one 3 6.3) 


= 
a 
(v 
if 
D 
ee 


a 


peo -Sceree ge-Or PEocus tive <ime 
2 


mumber or peo 


AN 

il 
cf 
a) 
(b 


Semvyiang the above =quations 29r a 10 nember group 
k 


Weak: 


Memking < 40 hour wor 


Pee dG 555 = ~0901(10* 10-1 /2) ) = 216.2 
eee FOO e(2 55 = 2.00 0t 10*(10=1) /2 ) = 54.55 
feeeee= “Of an SO mambef group working *“h2 same aAcurs: 
Eom SOe (O* .55 = .0001*(380= 80-1 /2) ) = 748.8 
eC Oe (55 > el) OMe SOS (s0-—1) /2 ) = 23.U 


moore wb Gemonstrates how the prcductivity percentage 
varies for groups of various sizé. 

rried [Ref. 4], and Wainberg [Ref. 7] have experienced 
this inverse relationship between group size and produc- 
tivity in complex projects with which ‘they have been 
associated. Bure necmOre, moe amooscUlietes that it is 


possible to reach a point of 2 marginal productivity. 


tt 
| 
iD 
Nn GQ 
wy 
ct 
} 


v 
Mmes 1S consistent with 8B rook Rotem cauizer findings 
O 


oie, datser a pecine, adiing manpowSr can increase time % 


Seetlplecion =sather than decrease it. 
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| 
| 
j 


| 


| 

| TABLE I | 
| Group Size and Productivity Percentage | 
| f | 
| GeOup 52 ze Ee Ce ieee See mba dS | 
| 
10 aos 
20 Sat | 
40 ig ne 
| 60 37.3 
ao 25d ' 

| 
| | 
La ees Oe Shes eames PE a Te 


femewebpove Ei:ndings sugges: that, on the basis cf predauc- 
m ele Ss 


myo ny time, proje weans SiLowld Db] Created Which ars of 
meme ced Size. A team with two members would séém =o haves 
5 

Seow nrohess- productivity percentage; Slee See ee Loma 
Peeee2ne-i0n and communisation thax #OouLid pe require 
between groups, esewell sc the ditmitsa division ci labor 


da 
possible within the group, would aliminate any possible 
advantages. Alternately, too Large ag 
Seenegetive marginal produc tivity. 

Brooks [Ref. 3] encountered this dilemma or oD 
the desireable aspects 29f small groups against the 
ne2d to produce the larg= and complex OS/360 System within 
+ime and budget constraints. He d=scribed his probiem as 


follows: 


For effiency ane foncsp tual MUSE eect eG PpLefterS « Lew 
feod Minds doing design and SONSTLUCT_On. Yect for large 
Systems cne wants 5 “way to being considerable manpower “o 
Bees, SO chat the product can maka a timely appearance. How 
Can these two needs be reconciled?" MRtot. 3: pp. 31} 
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me@ematowepeeecaet BESOKS FRSfis 3], Malls {Ref. 8], and 
others have advocated is the chief srogrammer team concent. 
This concept calls for a 10 person team headed by 2 chief 
programmer who designs, codes, tests, and documents the 
system; and who is totally responsible for the a Ail 
the other team members ars tasked with suppo BG the ChiLer 
programmer in his duties. The other members ci the team and 


Sheir duties are: 


- The "copilot" wno serves as the orimary assistant and 


4 


Meier sttdv to the chieft programmes; 


Semoe aGMin=istrator who handles tne Logistics and 


matem=e Ser acive coordination for the «can: 


al 


~ The editor who teviews the chief programmerts rough 


Meeumenta=ion and performs the necessary editing and 


memerk- ng crequired +o produce the Einal product 

BOM seCrciaca2esS, Che each ECE tae 2dmMinistrator and whe 
PeeeOs, 1Ce the necessary zyping, flling, 
Beee=e-pondence, etc.; 


= The program clerk who maintains the program product 


Beorary ; 


- The "tcoolsmith" who provides basic utilities, creates 


ct 
fy) 
ct 
(D 
OP) 
fv) 
ae 
fu 
(D 
4B | 
i" 
near 
| 
aD) 
" 


Macro libraries, and in general facili 


the adequacy of computer services; 
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fer} 
(D 
su 
ra | 
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ter who designs la a 


= 


3 
(n 
= 


~ 
— 


"oO 


nd 
S 


ai 


(D 


ean Gare 


ju 
9) 
2 8 


Ss 
ting, produces test st 


(2 


aS 


Ha 


(D 


c ’ 


~ The language lawyer who is expert in the chosen 


programming language and can advis=2 the chief 


ct 
a 
iD 


Programmer on sophisticated or intricate uses of 
ifaorguage., ~Pref. 3: pp. 32-35 ] 
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MU neicaecm@e hy CL andividuals perfotmina specialized 


Sections 2n support cf a group leader not only provides the 
fe 


benefits cf division of labor and specialization discussed 
Peer, 1¢ elso provides conceptual integrity in design and 

ceding, as well as simplifying the a communica- 
Peoreonequeared, This reduction in conmunication requirenents 
coupled with the small siz2 of the t3am results in a en 
BPeo@uct.vity percentage for the team. pagans. eu us= 
=rates 2he —COnmmunicat ion patterns within the Ghai st 


Beeirenme> <sam. [Ref 3: p. 365] 


Cem eee ct mee ce Cy SE ee ene ogee <tc ee eee ne ee 
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Fejyure 3.1 Communication Patterns in 10-Man Programming Teams. 


The small size of these teams and the spec: 
Memrunec: On Within them alsc helpns <9 nitigate the negarti 


v 
impact of such social dynamics as the "Commons Diiemma" 
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feer.s 9} and “social loafing" [Ref. 10]. These dynamics 
suggest that individuals in a group may use nore tnan their 
eee, Or a commen resource or contribute less than their 
share to the common effort if they feel that their excesses 
or delinquencies will not be distinguishable from the common 
een stmption or effort. The small size of the team and «he 
specialized functions of the tsam members in the chief 
progremmer t~Sam concept alleviate these problems ovby making 


a 
each team memb 


er acccuntagle for 4a visible, distinct seamen 
See te Groud effort. 
fee 2S29n Censi dera=:ons 
in order to reap the benefits of small grounds such 
Vole Crewe eG some 
g 
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m 
ard management required, and thereby enh 
ness of each tean, Pees. "ESSen tes | “cna 
Memees grec in a Structured, modular manner with clear, 


el 
Mmetgucus specizri 


a s ~= an eaes ‘and 3 Saree 
F2700S Sid eAecCeullen 2a 21.0. Scie] 


or 
oD 
fv 


be discussed lazer in =he 


O- fv 
Mu 
O 
}-- 
O : 
(£3 
}?- 
y 
#7) 
x 
j-*- 
}-- 
t~? 


E 
h 

paper. ew) mMefit is that they allow independent, 

Co) = 

° 


= 
mementrernt produccion of modules which can be “integrat 
2nto the whole w ieeclieenee Coord netion.”" [Ref. 4 


10] 


D. SUMMARY 


The above analysis indicates that, in a systems cdevelop- 
men= pre ject, the size of the work qroups shoulda bé 
relatively small. The benefits of these small work groups 


lie mainly in the improved percentage of time spent produc- 
tively. This benefit results not only from the fewer number 


of communications within the group; but also from the 
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= 


Meee Ct stidll., hierartchicaliy structured groups to nit 

gate some of the non-productive aspects of group dynamics. 
Certain managerial and system design technigues may be 
required to ensure that these benefits result. These tech- 


higues include: 


muomope> Scheduling and task ioading based on an 
understand: MeOwOr Dro aie: Ve ime. 

pebca> AaSSignment of task and proiuct responsibility, 
accompanied by measurement and recognition of 
weer y.dual periccmance:. 

mupeeeutear G€esion thet supports clear assiaqnment of 
Bree auc. Tespcensipilicy. (Ref. 4: vo. 10] 
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IV. STANDARDIZATION OF ACTIVITIES 


A. REASONS FOR STANDARDIZATION 


mesmidataization Of activities is a vee 


b 
element of organizaticnal structure because? it is 
S W 


4 hee a, : as ~~ — ~~ = Rf nS Ses —_ = ny — >| 
Meee one OLGENLzation ensures that its exzfcrts wili produce 
-_ x cs , ~ | « = ~ —= = par Sees eS =— « ne AOS —~ 
Bees ccerls results in *hS quantity, pee v, Pea = S, 


both areas. 


Hy 
a 

a 

iQ 

O . 
yw 
I— 

un 

O 

tt 


Seene@era=Zezoon Sr= =O plocuc= predictabis 
MeewecS = Quantity, quality, timeliness BG COS er, The 
M@anmticy Metric could be lines of cad2, number of modules 


applications programs completed, etc., depending on nanages- 


menc's desired control system. Tieegude-=y Metric 8s 2 
compiex and multifaceted one. Wie ecOnse Izu es Good SOtt- 
ware is a question =a secOnean UES cob eS debated. 


Memeo ey, predictabilizy, readability, maintainability, 
Medariabili+y, flexibility, Eomusce=ssS, Crelclency, and 
understandability are some of the concepts currently associ- 


ated with evaluating the quality of software. 
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mae tammeliness and cost met 


1S 
Gemeepts. Bie =imewas takes to complete a pr 


project, assigned resources, ae. Wea cle 


U, 


J 

Meee Or =ne project wWiil vary with the nature of <t 
g 
_— 


being tec complete the project Sie one bude nd 
time period. The predictability of the above metrics is 
Meseti a Major geal cf standardization From a management 


) 


3 
Viewpoint, the predictability of the outcome of the organi- 
Beeeeon's 6rtorts is abpsolu S ia 


meee OnctazO! OF trose Efforts. 


Be SOFTWARE ENGINEERING 


ie | 


mew f2e¥ad c& software engineering has develcved in 
n 


( 


se to =he nes 
D 


S d a Z d 
and techniques emrpioyed in the software develcpnen* vorocess. 
ar O 


Meet] have beecrn various attempts to define the Fieia £ 
Peeewael-S 2Agineérind. dassertman and Freeman [Ref. 11] 
Mereneécac .* 4s: 
Mec cemps =O Ssek out end use techniques that can 
Sesist *n the 2conomicai deveiconen= of software which 
peeeeuteS Teitabiy ana aftisientiy on rear machines, 
Meeg Sttece ve Use Of the human resources avelledic. 
Software Engineering tries to t2ks AiO vom 1.2 oS Se 
eee ft in weich the Dptimazation of all resources - 
Mewetoumental as well 2s operatioaal - is consi dered. 
(Ref. 11: p. 256] 
BeW. Boehm { Ref. 12] shows 2 slightly different verspec- 
eee in his definition of software ecgineering as: 


software in a way that is both cost-e a 
aoLe enough =c deserv2 our. trust.. e h 
MeeeeGal iapplicatior of scisntiti knowledge in th 
Peeore dnd €ONs=ruccion Of GCOMputsr programs and th 
associated documentation required «zo develop, operate, 
god Maintain them. [Ref. 12: p. 1227] 


the means, by which we attempt to produce all 
See i 


Dod INH 
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The decision of which techniques and methodologies +o 
utilize in the software development orocess is a choice of 
miemcecinology tc employ. This cholte is of critical impor- 
tance to the development ptocess becausé¢ the technology 
employed serves to define the software production function. 
Mee production function summarizes the characteristics of 
Siemens 2s-ing technolegy at a given pcint in time; it shows 
m@emeetechnOlog: cal constraints that «he firm must reckon 
Woe 6 (dm Ref. h6563:06lUp.}lhC6U146) 0 «6Therefors, by selecti 

iB 


Wommetn@eclogies, 2nd Lmpl=emencirg the 
- 


a 
Meets tol the conduct of the daveLopnant process, the choice 
@emeen]e ~echrology which will rorm the boundary cf the organ- 
Mere On's productivity 7s Tade. The impor*ance one 
structured, modular software design to “*he implementation 
Peo lLecuiveness cr small project teams was discussed 
emeeeres> 2 this paver. meme v= ss Soul enutty, cdesign meth= 
ampl Ww 2CtTivitiss in 


Sa LHE DESIGN PRASE 


PmemeammDorcance Of S-~andatdizing @he deSign phase cf 3 
ve 


SeLrtware development project has grown with that of the 
h 


design phase itself. Developing standard design metheds is 
Ome Of the thrusts cof software engineering and nanny 
approaches have been championed. The standard approeches 
that have been most widsiy accepted 2re those which advocat2 
Mest rucctured approach to the design process. Tye Vel yaw ern 
merietured" <ampizes that scme sott of standard mnerhed, 
mechanisn, or appreach is used. Stevens, Myers, and 


Constantine [Ref. 13] have defined structured 4 
set of proposed general program design consider 


a 
Bechniques for naking coding, a= gid 1G we enGs MOdlr1cas3 cn 
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easier, faster, and less axpensive by reducing complexity." 
fener. «2«1Ss «p. (216) 


1. Tep-Down Design 


Perhaps the best «known strustured design techniques 
is Top-down design which results from ea stepwise refinement 
process. Stepwise refinement is a methodology which 
Semeasts Of the following steps: 

Weeeeat. With a tiagh-level, overall statement or 
Cr 10%29n Of the desired system Function nade uo 
Mame ce) =ne overali statement of “ne system Zunction;: 
mie Db) COMmMments/description of th2 next level of 
detail. 

Peete sine che abcve by replacing thes ccomments/iescription 
feeee 2) lower isvel fubc*=icohs; ani 
mumrcemients/AecScription of the next Level. 

Mme ea. the ~eltwnemen= untiivwtherze arte no comments lett 
—meMeiica= <a2 DOL TOM LSvVS_ COnSiS<sS only o& Functions 
Sercemecean De implemenzsi on Ane hiszcware/sottware 
machins. 

This Top-down design can be represented as a hier- 
meeyeor modules in which the "uses" relationship exists 
between the aigher and lower lev2l modules. The "uses" 


Be matLOnship can be interoreted as "requires the presence of 
Peer rec. vemsiom of." [Raf. 14: p 230} 
Erooks [Ref. 3] tarmed Too-down design "the most 
mie Oorcant new programming ‘ftcrmulatio 1 
Seea@e.” f Ref. 3: p. 144] Among the benefits that Brooks 
attribu-~ed *o Tecp-dcwn dasign were fou a 
2) 


assists the designer to avoid errors 


[eest, “ne Clarity of Structure ani representation makes 
The precise statement 2f requirements and functicns of 





*+he modules <é¢asier., Second, Sie M02 eect2Ooning and 
independence of_modules avoids system bugs. Mica... he 
Suppression of detail makes flaws in thé structure moze 
apparen?. Fourth, the design can be tested at each of 
mes Cerinement Steps, Sooo e 0g Gal Steere Setlter ard 
Mecus Of =he proper isevel of detail at each step." 


| Ret. 3: p. 143] 


mre —Geneceps~s Of modularzty and clear structure 


presenz in the Top-dewn design approach are epresented 


*he more resent design approaches although th manner and 


Criteria of the decomposition have varied in some cases. 


3 


meme b=s onan for Chang 


i 


Parnas [ Ref. 15] has prop 
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Meer fccuses on deéSigning software that can be sasiiy 


@rarged. His approach uses @ modulaz decomposition bas 
hw 


Meee er -Otrmetion-hiding modules within a hierarchical stru 
D 


mare. peease (ref. >] proposes 4 design pr 


would include: 


1) 


2) 


3) 


4) 


Merete y hg ali daifticuit design fecisiorns and «hess 
Meeiaqn dscisicns which are Likx=ly £2 chandae. 
Meetee ng the cnangeabie design decisions Lato 
entocumation~hiding modules with c 


Meret races Which will be unaffected by potenti 


changes. 
Estadiish the "uses" relationship bezween +h2e nodules. 


Set up the “uses" hierarchy by: 2) listing the nodules 


© 
@) 
ct 
de 
@ 
ry 


pmoeye. 0 uiae.c. those nodul<¢s which use n 
femuie); end £) working up the hierarchy to the «op 
level (i.e. that modul2 which is used by no other 


moduie). 
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Pesmes se seporcech €6© System design has been of 
Significant interest to those in the software engi 


field because his methods: 
1) Bring software design closer to being a science. 
2) Result in programs which are easier +o fix and modify. 


3) Result in programs which are easily subsettable and 


exterdapie 


Pyeeat iow modules to be programmed ani <ctesctec 
ondependently [Ref. 15]. 
Note that <the abiii*y to iniependentiy proqran ani 
mest modules which is cited here and in sus¢gquent design 
€2SSdaey o> The “satee- 


techniques is what was shown to be nec 
O° 


Daou one emkoOteGe | EGAaNS Wathtn a large, 


a 


Meemsersed StzucztuztTed design tethnigu2s baseé on orincivoles 
memelar to those of Parnas. Thess +echnig m 
Seeeycrure Of Simply connected, Fuopee2onal | yancund modu ress< 
Miey emphasize «he use or structure charts rather than flow 
charts in the design phase. Rererence 13 prevides the 
somewhat lengthy step-by-step proceiure for aevelop A 
Puput—process-output general structure that Stevens, ia S 
ema Constantine advocate. 


Mire penmefliztS Of this design ~echrique inciude: 


mmmecs COompetability with the HIPO hisrarchy charting 


rormat [Ref. 16}. 


Mesetcte: mMaeinctcainability of resultan* programs. 
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3) Results in independently programm2ble a 


modules. 
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erp tasity <O identify ani optimize critical ncdules. 
5) Ability to develop reussable modules. 


4. Designing Systems as Models 


Jackson (Ref. 17] has proposed a differant approach 
tO software design. He argues that thers are some serious 
Gisadvantages to the functional apnoroach «o systen 


-” 


Among the disadvantages h2 cites ars: 
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2) The frequent requests for changes in system Function. 
Semee Lack of a cisar distiction betwesan functions =o be 
Derrormed by software and those <9 be performed by 

hardware. 

Mecxsen'S 2ppro2én 1S <C dSSlidn th? System orinarily 
Meme CG]. 02 the zeality whach it is representing ani 
Mepmeeeder- ly SUDErIMpcse the Gasir]ea Eunctlons on tne tnodel. 
Mee SeepsS in the process are: 

Meee presSent each active entity in the teal world system to 
be modeled as a precess acting on a dedicated processcr. 


2) Represent the communicatic 
themselves, and between the proces 


world as a data strean. 


3) Superimpose desired functions on the model. 
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z Gann: Ccacions 


Wel of the 


Cause nwcor pOracicn has 


and Computer 
sed Jackson's 


With top-down ets, 


Keproughs. This combination was called 


Menerawnsound that 


the benefits derived from the us? of PST, measured 
Peeeerct ically ra oS So ViesoteDDLtCaciOrs, include 
increased programmer productivity _anc reduced mainte- 
mrece CCStS. Jeera PST aS a design method the 
programmer can produc2 double the Gnesi sar ee aa 
number of lines of cede per year. The reduced meainte- 
Meemete= COS == result From encountering fewee bugs in *ha 
Meeeeoam COde and from having the, Sinpiesr Sue sired 
eee Wr ch 2S easier to modify." (Ref. 18: pe 89] 

Pem@en Gener. '8}] f>und that, whereas Ehe PST method 
Meagwered *~hem tc spend more tine on the design pkass of a 
Projyecz, this tine was more than made up in she impléementa- 
tion phase of the projec. 
oe OUMAARY 
s 

MemG=2=Ssign me¢accoloqiss d.scusssec arcve are inpor tans 
Memmesey. Ging conceptually sound frameworks for the 2esiaqn 
are good" scfiwa re; but, in ord2r to realize the maxinun 
beierit, the chosen met hodoloay must be standardized 
menroughout «he develcpmen= projec. T= is the standardiza- 
eon Oo he proc¢ss which provides the orgqanizaztion with «he 
benefixz by reducing th necessicty for communication and 
Peo -ad2nat2on while maintaining design integrity and facil:- 


tating successful 
The 


ce 


standards 
Dianning, 
Les 


and 8 NS 


G@erd=Za=ion as 


The standard arproach «29 phases, 


cae 


*asks maxes 


progress during ane Syst2ms 


*hemseives 


On .0e., 


iPsegrac2 on. 


Seeowoeascts Of the organi za- 


2 = a 


and Svaliuatic B2dgs, 


TRef. 19] summarized the importance of 
few oNS 
Shsps, activities, and 
ossible +o plan, Seal ond CVailas > 
development process without 


ay 





mimerDiting the necessary analytic; and creative work 
Mmequlred tO produce succe ssful new systems. tile se Cs 
ture allows management to make and monitor incremental 
cOommitzments and the a bi Payee MO aGr interim results. 
ie 2S an importane how setCeon eeOsijanhasgea=2on's effective 
managemen= On ~he Systems aevelopment process. 
fepef. 19: p. 47] 

Mee amportance of standardizing the activities in the 
software develcoment proc2ss continues +o receive management 
eeeeention. The emphasis on déveloping standard methods and 
Sgeeecaches “oO reauitements analysis, specifications, docu- 
Mepeation, integration, 2a eest ig emlanr f=s1S she Vita. 
Mememarnce Of activity s<andardizztion in the software 
dever1opmen= process. 
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Ve. SUMMARY AND CONCLUSIONS 


Organizational structure has long been rscognized as 
iemeng an important impact on an organization's ability <+o 
Becomplish its objectives. Wa neage=s, tnerefetre, need =<c bs 
ere Of how organizational structure affects performance. 
This paper has provided tne managers 2f softwares developmen 
Meeyec=-S With an analysis of tn impercance of sSeVeral 


Meme nos of organi 


Breeneir projects. 

Migs achsSe Scsicturel slement analyzed was *he sveciali- 
meee O- A2cclivities. wae Wace oIn a oe. The ian egS > -conm: 
Peeeeced With speci=tic or deneral xnowladgqe of tha software 
meoduc Weeder "O 2S Pprovidsd by Brooks [Rer. 3), Fried 
Meera |, asinberq {[ Ref. 7}, and Ein-Der and Jones [Ret. 6], 
Meme ve: Op conceptual <franeworks <3 assist in waxing déci- 
Stons ‘for cptimizing <h2 wollezacter Of che Sooctalized 
Mipugts onto the softwar2 development vortocess. [We Ane se 
Meme mpor-ant décisions are <«+he determination of #£he 

of the 


Optimal mix of these inputs, and the datermination 
Seclamal quantity of a particusar input to 


as shown =o exist 


a 


Mnewepeimal mix ct the various iapu<s 
Memenat point where the marginal productivity of a doliar's 
Memen Of any input in the production of the software cutput 
memegual to the marginal productivity of a dollar's worth of 


any other input. 
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mie. Op= Mal GqWantity cf an input to employ, 
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2 aC ee 


factors remaining constant, is that quantity a h2 
present value of the marginal revenue received due tc 2 
Mem@danal increment of ths input is equal to the presen 
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me Of the Marginal cost incurrsd do to that marginal 
Sieme men. 

This type of conceptual framework orov Ss 
tional benefit of being compatible with “*echnical analysis 
and linear prooramming 2s shown by Ein-Dor a 
[eet. 6}. 

Siem element of Crganizational structure that affect 
Moen DrOductivity end thus che proijuction function is the 
Seeemot tins work group. Brooks [{R2af. 3] found that, after 3 
Meme, =.NCreases in programmer Labor co: 
Meee tO SOLtTWare production and that, ultimateiy, increases 


2m pregqrammer lakor would have a nejyative impact on voroduc- 


eo Tl Fried [ Ref. 4] experienced similar results as did 
ete. 3] round 
C* 


weirberg [Ref. 7]. Fried [ Ref. 4] and Brooks ([R 
that communications requirements were the majo 


reduced productivity 25 gqzroup Siz> increased. P2726 


$v 
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ju 


Meer. 4] has developed a formula from c 
Meee experience which can be used <3 caicnuiate the amount 
Memeaeme spent srent productively by a group 

{he wew oO pi. ieee stOr Mla enc WeLincerg's [RB 
meg’ nas suagest that gzrouos with more than 30 people wil 
sperd iess than 50 percent cf their time doing prod 
work. 

Cass and Edney [Ref 9] and Latane, wiliiams, and 
Metk2ns {Ref. 10} discovared aspects of social dynamics 
Mien also Contribute to reduced individual productivity in 
Maeee groups. These findings indicats that indivaduals tend 
Hemuse more tescurces and contribute less effort if their 
Sermsumpc-On and performance are felt to be indistingishabie 
mem that Of the group. 

MepOs> =ble sclution Oo the team size problem in view of 
emese flnrdings is the chisf programmer team concep. ohas 
Mienarcnacally structured, 10 person team is organized in a 


TeaieemewiGhepSovides for design integrity, quaiity output, 
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Sapo Le COMmMUNication patterns, visibl2 job performance, and 
meg productivit y. Successful implementation of this small 
meme cOmecep= in complex projects requires a modular project 
design as well as managerial emphasis on planning, control, 
and evaluation. 

The achievement of good planning, 2Ou-~ Gelman gd evalua 
tion requires the standariization of software development 
meee eS including: requirements analysis, epecifica- 


eee, ceSign, dccumentation, integration, and testing. The 
A 


ij 


woe SY ow ed 


* e ha ’ ‘ Ld - 
aa = m= ye and - =, —~ - = ban] = == 


MemmrecOologies terresents <=ne choice of technology for “=ne 
Vv 


project. ree nnOl OGa,.ca i CnOLres, ih turn, serves to 
Seema -1= production function for the project. 

Stevens, Myers, and COnSeantsne { Ref. 13 ], Parnas 
Meer. 15], and Jackson [ Ref. 17], among others have propesed 


1th) 
software design methodologies which have been used with 


Success as the standard for software projects. THe s7eaula= 
Smeeiesi-e ana clearly define Sie eeeee ss TeSvikinmg 22=on “oh= 


B Koons: 2] 
memce Of activity standardizati 
development process as 32 key element o 
Peructure., TftS importance is recognized net only because it 
makes effective ftlanning, control, ande 

O 


V 
Ewa nose auce2On in COMMUALCation and coordinacion 


tie seeta Of St ganizational structure and its impact on 
m 


Segeniza-10Ons' Success is vast, with myriad subtle interre- 
MaeiOnships. Tz Pome eager die clip li nary field with 
applications from sconomics, operations research, 
psychology, sociclogy, ani various tachnologies. This paper 
has delved intc several Gee c= ssl acz Onships ctween 
elemMen=s Of Obganizgational structure and the software 
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development process. A common thread that has appeared in 
each element is the software development production func- 
oy) . As the database of development projects improves, so 
£00 Will our ability to analyze and improve the software 


development process. 
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